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SEPTEMBER SECTION DINNER MEETING 

TUESDAY, SEPTEMBER 11, 2001 

'Thermal Protection Materials for Reentry and Planetary Applications" 

Sylvia M. Johnson, NASA Ames Research Center, Moffett Field, CA 

n^rf p r cti r mat T ia!S a f d , systems ( TPS ) are used to protect spacecraft during reentry into Earth’s atmosphere or entrv into 
• ° SP ef K S AS SUC ^’ tbese mater ‘ a * s are subject to severe environments with high heat fluxes and rapid heatin® Catalytic 
S? mcrease 1,16 p*™*" 5 substantially. These materials are also subject to impact damage from SmSSsJ 

ring ascent, orbit, and descent, and thus must be able to withstand damage and to function following damage Thermal 
protection materials and coatings used in reusable launch vehicles will be reviewed, tacludiT the Ve^ and d2„s fo r Z 

hiph^heatfl enab e new missi0ns that require faster turnaround and much greater reusability. The°role of ablative materials for use in 
high heat flux environments, especially for non-reusable applications and upcoming planetary missions will be discussed New 

?' S may “?*, ,he “ ie 0f ^ “<• leadta 8 ^d ge 7o„ ZltoJZ 

mechanical^d^eimalproperties, ^'uses^oTdies^ma^afs ^li^Treviewed Wi ' h SiC ' Wi " diSCUSSed - T "' 

Ca![fomfa 0h w S h 0 ere L C f ef ’ The ™ al / rote ? on Materials & Systems Branch, NASA Ames Research Center, Moffett Field 
involved in research d.vZZme^ a n°d tecf ^ Ic r aI ’ P^onnel, and financial management of over 30 civl servants and contractor 

missions Dr Johnson has L b Sc whhV PP r ° f "*c “ im P roved thermal Protection materials for space and planetaiy 
and M s' (1979) I d Ph D nQKD,? ^ In Ceramic Engineering from the University of New South Wales, Australia (1976X 
ana M i. (19/9) and Ph.D. (1983) degrees in Materials Science from U.C. Berkeley She has 18 years' exoerience at sr 

eaumbria n ci a C f S C gained ex P ertise in the mechanical behavior of ceramics, preceJnc polymers, sintering kinetics and ph£e 
degradation of cerami^^f T ceramic Processing, forming, and joining techniques, powder synthesis, composite fabrication 

s-P^onducors. Sylvia has paired 5 S3 

Co„3ono ,h= N„„C Caitaia ^ AtoT" ^ Cer ”" C f °“ r PCRM “ 

Location: f , ^ 

Sil 7" v.n.y I Wildwood I gli-. 237 I N T 

1217 Wildwood Ave. T _ 

Sunnyvale, Ca 94089 Ae ( M Lawrence Expwy. [~- ^ a | 

(408)245-5330 - ■ ± IlHl 

Directions: I 

The Ramada Silicon Valley is in Sunnyvale L — — San Jose 

on ftie Wildwood Avenue frontage road, the north side | 

of Hwy. 101 at the Lawrence Expressway exit. I 


[Rte. 237 | 

Lawrence Expwy. 

1 ;; R^adaji^; 
SiKcdK^aliey* 


I-8S0j 


San Jose 


mm 


Agenda Social Hour 6:00-7:00 p.m., Dinner 7:00-8:00 p.m., Technical P resentation 8:00-9:00 p.m. 

w . , PLEASE MAKE ALL RESERVATIONS IN ADVANCE! 

ke meal arrangements with Dan Day by phone at 925-294-7530 (voice mail) or by e-mail at ddav@nrmc com . 

eave your name(s), daytime phone, and meal selection. Make your reservation by Friday, September 7th 3 : Pav 
at the door. . .. 

• f 2 . ' 

Dinner cost: Members/Guests $20.00 each Nonmembers $22.00 each Students $5.00 each v * 

Meal Selections: Chicken Piccata Vegetarian 




Thermal Protection Materials for 
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Trans-atmospheric* Vehicles 
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Future Vehicle TPS : Minimize Life 
Cycle Cost; Maximize Safety 
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NASA Entry Vehicles and Missions Supported by Ames 










Ames Arc Jet Complex 





Ames Arc Jet Complex 





WING LEADING EDGE SECTION 



Perspective on Type of TPS 
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Ames-Developed Thermal Protection Materials 
Adopted to Date on Shuttle / 
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Sharp Leading Edges Provide 
Increased Safety and Performance 
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Crew Transfer Vehicle Mission 


a 




CO 



Thermal Protection Materials and Systems Branch 



Potential Benefit - Impact 
On Crew Safety 





CO 

£ c 

£ O 
CD 

N 

e § 

c «t- 

j= ° 

o = 

— -Q 
CO 

c °- 
m 

£ O 
O 0 


CNJ 

I s - 


oo 

eg 

o 

o> 

oo 


CD 

c 

‘<0 

<0 

0 


O 

c 

13 

_co 

CD 


O 

_c 

JO 


ZJ 

"O 

0 


CO 

0 

o 

o 


a 

CO 


0 o 


0 

> 

0 


0 


c 

0 

E 

0 

> 

o 

L_ 

CL 

E 


i ® 

c 


— (/) 
>* "D 
0 C 
£ O 
c O 
3 <15 
5Z 0 


Thermal Protection Materials and Systems Branch 



ISS Ground Track vs. Cross Range /U 








Surface Energy Balance 
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Temperature limit (K) 
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Missions Like SHARP-B2 Provide a Method to Evaluate 
Materials in a True Hypersonic Reentry Environments 
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Much UHTC Research and Development 
Has Focused on Three Compositions 
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Stoichiometric ZrB 2 is a Line 
Compound That Melts at 3247°C 





Scanning Electron Micrograph Shows Multiple 
Phases in ZrB 2 -30%C-14% SiC Composite 





HfB 2 Has a Narrow Range of Stoichiometry 
With a Melting Temperature of 3380°C 
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Scanning Electron Micrograph Shows Multiple 
Phases in HfB 2 -20% SiC UHTC 
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Large Processing Defects Are Observed 





Processing Optimization Necessary A 





Higher Magnification SEM Images Show 

HfB 2 Test Sample 
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Analysis of Fracture Surfaces 
Shows Failure Origins to be Processing Flaws 
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Characterization of Grain Boundaries Is 
Necessary to Improve Material Properties 
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Compositional Mapping of Polished 

HfBo-SiC Surface 
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TEM Image of SiC-SiC-HfB 2 Junction 
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Shows Alumina from milling or processing o 
Impurities probably come from milling or processing 




Atomic Resolution TEM Shows HfB 2 -HfB 
Grain Boundary in HfB 2 -20% SiC UHTC 
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